IMPORTANCE Trauma of hospitalization refers to the depersonalizing and stressful experience of a hospital admission and is hypothesized to increase the risk of readmission after discharge.
I mproving patient experience 1 and reducing readmissions 2 are priorities for health care practitioners, patients, and policymakers. A growing body of evidence suggests that patient experience in hospital may be associated with posthospital outcomes and the risk of readmission.
3-5 Krumholz 6 hypothesized that the stress of hospitalization results in physiologic disturbances that leave patients vulnerable to developing new or recurrent illnesses after discharge. Krumholz 6 termed this condition posthospital syndrome and suggested that it increased the probability of unplanned return to hospital and readmission. 7 Detsky and Krumholz 8 later identified aspects of inpatient care that contribute to the posthospital syndrome, including sleep deprivation, immobility, nutritional disturbance, and anxiety and stress induced by the unpredictable and depersonalizing hospital environment. Detsky and Krumholz 8 called the cumulative effect of these disturbances the trauma of hospitalization.
Evidence supports the hypothesis of trauma of hospitalization. Sleep disturbances are common in hospitalized patients because of acute illness, reduced physical activity, medication adverse effects, light, and noise.
9-13 Mobility declines in hospital, and this change is associated with a loss of independence, persistent functional decline, and increased readmission. 14-17 Poor nutritional status is associated with adverse clinical outcomes and worsens in hospital for reasons that include poor meal experience, increased catabolism, and physical barriers to accessing food. 18 Anxiety is common among intensive care unit survivors but is not well described in medical inpatients. 19 Depression may develop after hospitalization for common medical conditions such as pneumonia and heart failure. 20, 21 Although its components have been studied individually to varying degrees, the trauma of hospitalization has not been examined as a coherent framework.
In this prospective study, we measured the frequency of patient-reported disturbances in 4 domains of the trauma of hospitalization: sleep, mobility, nutrition, and mood. We examined whether these disturbances were associated with a greater risk of 30-day readmission to hospital or emergency department (ED) visit after hospital discharge.
Methods

Study Setting and Participants
This study was conducted at 2 academic hospitals in Toronto, Ontario, Canada: St Michael's Hospital and Toronto Western Hospital. Both institutions are public hospitals that provide tertiary and quaternary care to a large and diverse urban population with universal health insurance coverage for physician and hospital services. The internal medicine ward consists of 70 beds at St Michael's Hospital and 88 beds at Toronto Western Hospital. Study participants were recruited among patients admitted to the internal medicine ward at both institutions between September 1, 2016, and September 1, 2017. The study was approved by the Research Ethics Board of both St Michael's Hospital and Toronto Western Hospital. All participants provided written informed consent.
A trained research assistant worked with physicians and nurses to identify patients who had a plan for discharge home on the same or next day. Eligible study participants were adult medical inpatients who had been admitted for at least 48 hours, to ensure that participants had sufficient exposure to the experience of hospitalization. We excluded patients who were unable to answer questions because of limited English proficiency or cognitive impairment. Cognition was assessed using the Short Portable Mental Status Questionnaire, 22 and patients with moderate-to-severe cognitive impairment (≥5 errors) were excluded from the study. In addition, we excluded patients who had been admitted to the intensive care unit because of the greater physiologic disturbances associated with critical care. We excluded patients who were discharged to a facility other than their home (such as a rehabilitation facility; patients discharged to a nursing home were included if they lived in that home prior to hospitalization); were terminally ill, with limited life expectancy; or were anticipated to be unable to complete the 30-day follow-up survey for any reason. The study sample size was determined by the number of participants who could be recruited over a 12-month period at the 2 institutions.
Exposures
The research assistant administered a survey at the participant's bedside on either the day of discharge or the day prior to the planned discharge. The survey assessed 4 domains using standardized questionnaires: sleep, mobility, nutrition, and mood. 
Key Points
Question Is trauma of hospitalization, which is characterized by patient-reported disturbance in sleep, mobility, nutrition, and mood, associated with a greater risk of 30-day readmission or emergency department visit after hospital discharge?
Findings In this cohort study of 207 medical inpatients, disturbances in sleep, mobility, nutrition, and mood were common, and most participants reported experiencing a disturbance in multiple domains. These disturbances were associated with greater risk of readmission or emergency department visit.
Meaning Trauma of hospitalization was common among medical inpatients and may be associated with a greater risk of unplanned return to the hospital or emergency department within 30 days of discharge.
anxiety in hospital. 28 These questionnaires were selected to provide a simple and pragmatic assessment of the 4 domains of interest. Participants were asked to consider the entirety of their hospital stay when responding to the survey questions. The resultant survey consisted of 10 questions ( Table 1) .
Responses for each domain were dichotomized into disturbance or no disturbance. Prior to analysis, the cutoffs for each domain were prespecified on the basis of clinical judgment: Sleep disturbance was considered to be an overall score of less-than-average sleep, mobility disturbance was considered to be confined to a bed or chair for more than 50% of waking hours, nutrition disturbance was present if meals were disturbed or missed, and mood disturbance consisted of moderate-to-extreme anxiety or depression (Table 1) . We decided a priori to divide participants into tertiles according to the number of domains in which they experienced a disturbance. We considered those in the upper tertile to have experienced high trauma of hospitalization and hypothesized that these participants would be at greater risk of unplanned return to the hospital after discharge compared with participants in the lower 2 tertiles.
Outcomes
The primary outcome was readmission or ED visit to the same hospital within 30 days of discharge. Data on readmission and ED visit were collected through medical record review in the 2 hospitals by trained abstractors (including S. R.) who were blinded to the categorization of trauma of hospitalization. We performed medical record review and made telephone calls to participants to determine whether those who did not experience the primary outcome were alive at 30 days after discharge.
Covariates
Information on participants' age, sex, and race/ethnicity were obtained through our predischarge survey. Hospital administrative data were used to measure length of stay; compute the Charlson Comorbidity Index (scored 0, 1, and ≥2) 29 
Statistical Analysis
Disturbances in sleep, nutrition, mobility, and mood were reported using descriptive statistics, and the association between each individual domain and the primary outcome was tested using χ 2 analysis. Unadjusted and adjusted logistic regression models were fit to examine the association between In the second adjusted model, we controlled for self-reported baseline disturbances in sleep, mobility, nutrition, and mood as separate covariates. These models were fit separately, because the sample size limited the number of variables that could be included in each model. Next, we performed a propensity score-matched analysis, in which each participant with high trauma exposure was matched to a participant with low trauma exposure. Propensity scores were derived from logistic regression models predicting the probability of high trauma by all baseline covariates. In addition, we examined the primary outcome in participants stratified by age (younger or older than 65 years) to explore whether the trauma of hospitalization differed by age subgroup. We also examined the relationship among hospital length of stay, trauma exposure, and the primary outcome by categorizing the study population into quartiles according to length of stay. Finally, to explore the implication of our inclusion and exclusion criteria, we compared the characteristics of the study population with all general internal medicine admissions over a 1-year period at the participating hospitals, using the data collected in a previous study.
33
Participants who did not experience the primary outcome and could not be determined to be alive at 30 days were considered to be at risk of unrecorded death. If death is associated with trauma of hospitalization, then unrecorded deaths could potentially bias our findings. We used the Fisher exact test to assess the balance in the risk of unrecorded deaths across high and low trauma of hospitalization groups. Analyses were completed using R, version 3.3.2 (R Foundation for Statistical Computing).
Results
A total of 207 participants were enrolled in the study from September 1, 2016, to September 1, 2017 (eFigure in the Supplement). Of the 207 participants, 82 (39.6%) were women and 125 (60.4%) were men, with a mean (SD) age of 60.3 (16.8) years ( Table 2) ; 110 (53.1%) of these patients were younger than 65 years. The mean (SD) hospital length of stay was 8.0 (6.7) days. The 5 most common primary discharge diagnoses were lower limb cellulitis, congestive heart failure, chronic obstructive pulmonary disease, gastrointestinal hemorrhage, and pneumonia. Complete follow-up data were available on 197 participants (95.2%), who either experienced the primary outcome or were alive at 30 days. The remaining 10 participants (4.8%) did not experience the primary outcome and could not be confirmed to be alive 30 days after discharge. The proportion of participants at risk of unrecorded death did not differ statistically significantly between high trauma and low trauma groups (n = 4 [5.5%] vs 6 [4.6%]; P =. 7 4).
Disturbance in Sleep, Mobility, Nutrition, and Mood
In our cohort, 75 participants (36.2%; 95% CI, 29.8%-43.2%) reported sleep disturbance, 162 (78.3%; 95% CI, 71.9%-83.6%) reported mobility disturbance, 114 (55.1%; 95% CI, 48.3%-61.7%) reported nutrition disturbance, and 48 (23.2%; 95% CI, 17.7%-29.7%) reported mood disturbance (Table 3) . Nearly all participants (192 [92.8%]) described a disturbance in at least 1 domain. Only 15 participants (7.3%; 95% CI, 4.3%-11.9%) reported no disturbances, and 133 (64.3%; 95% CI, 57.3%-70.7%) reported disturbances in more than 1 domain ( Figure) . Participants were categorized into tertiles according to the number of domains with a disturbance. The up- per tertile consisted of 61 participants (29.5%; 95% CI, 23.5%-36.3%) who reported disturbances in 3 or 4 domains, and these participants were considered to have experienced high trauma of hospitalization. The remainder were considered to have low trauma of hospitalization. For each individual domain, the primary outcome occurred more commonly among participants who experienced disturbance than in those who had no disturbance, but the differences were statistically significant only for mood (Table 3) .
Trauma of Hospitalization and Primary Outcome
Overall, 55 participants (26.6%; 95% CI, 20.8%-33.2%) experienced the primary outcome, 30 (14.5%; 95% CI, 10.1%-20.2%) were readmitted, and 25 (12.1%; 95% CI, 8.1%-17.5%) had an ED visit but were not readmitted. The primary outcome occurred in 15.8% more participants with high trauma (37.7%; 95% CI, 25.9%-51.1%) than with low trauma (21.9%; 95% CI, 15.7%-29.7%). High trauma exposure was associated with statistically significantly greater occurrence of the primary outcome in the unadjusted analysis (odds ratio [OR], 2.16; 95% CI, 1.12-4.13; P = .02); in the analysis adjusted for participant characteristics (adjusted OR, 2.52; 95% CI, 1.24-5.17; P = .01); and in the analysis adjusted for baseline disturbance in sleep, mobility, nutrition, and mood (adjusted OR, 2.19; 95% CI, 1.12-4.30; P =.02)( Table 4) .
Propensity score matching resulted in groups that were well balanced (standardized difference, ≤0.1) on all baseline characteristics except the LAPS (eTable 2 in the Supplement), which was higher among participants with low trauma. In the propensity-matched cohort, high trauma exposure was associated with statistically significantly greater occurrence of the primary outcome (37.7% vs 19.7%; OR, 2.47; 95% CI, 1.11-5.73; P = .03) ( Table 4) .
The primary outcome was more frequent among participants with high trauma exposure compared with participants with low trauma exposure in both age groups (≥65 years and <65 years). However, these differences were not statistically significant (eTable 3 in the Supplement).
High trauma was more common among patients with longer hospital length of stay, exhibiting a dose-response relationship. High trauma affected 20 (41.7%) of 48 participants (95% CI, 27.9%-56.7%) in the highest length-of-stay quartile compared with 15 (22.4%) of 67 participants (95% CI, 13.5%-34.5%) in the lowest length-of-stay quartile (eTable 4 in the Supplement). However, the primary outcome was not more frequent among participants with longer length of stay. 
Discussion
In this prospective cohort study at 2 large urban hospitals, the trauma of hospitalization was common among medical inpatients, with most patients (64.3%) reporting disturbances in multiple domains of sleep, mobility, nutrition, and mood. Participants who experienced disturbance in 3 or 4 domains experienced a 15.8% greater absolute risk of 30-day readmission or ED visit. Making causal inferences is not possible in this observational study, but the association between the trauma of hospitalization and risk of unplanned return to hospital remained strong after propensity score matching and controlling for baseline characteristics, illness severity, and baseline disturbances in the trauma domains.
This study contributes to 2 growing areas of research: the associations between patient experience and clinical outcomes as well as the associations between hospitalization and health status. Hospitals with higher patient ratings have been shown to have lower mortality and readmission rates. 4, 5, 34 We extend this literature by describing important patient-level differences in 4 domains of hospital experience that were strongly associated with the risk of unplanned return to hospital. We used a simple 10-item questionnaire to assess sleep, nutrition, mobility, and mood, which are domains not found in most standardized patient experience surveys, such as the Hospital Consumer Assessment of Healthcare Providers and Systems. 35 To our knowledge, this present study is the first to examine the association between the trauma of hospitalization and 30-day readmission and ED visit. Our findings support the hypothesis of the trauma of hospitalization, which offers a plausible mechanism to explain how negative patient experiences may be correlated with physiologic disturbances and subsequent adverse clinical outcomes. The associations of hospitalization with health status are becoming increasingly apparent. Hospital-related disturbances in mobility and nutrition have been associated with a range of poor outcomes, including increased risk of readmission. Sleep disturbance has been reported among medical inpatients, 36 although its correlation to health outcomes is not well described. Mood disturbance is more common among hospitalized patients than the general population, 37-40 but the relationship among hospitalization, mood, and clinical outcomes is not well studied. We found similar rates of disturbance in mobility, 15 sleep, 10, 36 nutrition, 18 and mood 19,39 in previous reports from a wide range of hospitals and countries, strengthening our confidence in the generalizability of our findings.
These findings add to the existing literature on the relationship among hospitalization, health status, and clinical outcomes. First, we measured multiple domains simultaneously to better characterize the implications of hospitalization. The most prevalent disturbances were mobility (78.3%) and nutrition (55.1%), with 43.5% of participants reporting disturbance in both domains, making this the most common pair of disturbances. The primary outcome appeared more common among patients who reported a disturbance in each individual domain, although the association was the largest and statistically significant only for mood. This finding suggests that individual disturbances may be associated with the risk of readmission or ED visit but that the cumulative effects of these disturbances are more pronounced. Second, we identified a dose-response relationship between hospital length of stay and rates of high trauma, further supporting the hypothesis that exposure to the hospital environment is a factor in the observed disturbances in multiple domains. Third, we addressed issues of confounding through the study's design and multiple statistical analyses. Patients with more severe illness or greater baseline disability may be more likely to experience disturbance in sleep, mobility, nutrition, and mood and to be readmitted after discharge. Therefore, we excluded patients admitted to the intensive care unit or with baseline cognitive impairment. We used granular data from patient questionnaires, electronic health records, and hospital administrative records to control for factors associated with risk of readmission, such as age, comorbidity level, length of stay, and illness severity LAPS.
30, 31 We controlled for selfreported baseline disturbances in the 4 reported domains. Our findings were consistent across these analyses, including propensity score matching, which resulted in well-balanced groups. These results suggest a true association between the trauma of hospitalization and unplanned return to the hospital. Fourth, we included adults of all ages. Much of the existing literature in this area is focused on older adults, and less is known about younger populations. Approximately half (53%) of the participants in this study were younger than 65 years, and our findings suggest that hospitalization affects the health status of both younger and older adults. Finally, we linked in-hospital disturbances with postdischarge outcomes, highlighting the importance of further research into the implications of hospitalization for health status.
Limitations
This study has several limitations. First, it was conducted at 2 academic health centers and recruited patients on the day of or the day before their discharge. Because of this narrow recruitment window and because discharge is often unpredictable, we enrolled far fewer patients than the total number of internal medicine admissions, which was expected. Because we included only patients discharged to their home and excluded those with intensive care unit admission, cognitive impairment, and limited life expectancy, the study participants were younger, had fewer comorbidities, less severe illness, and shorter length of stay, compared with the broader internal medicine ward population. Thus, patients excluded from this study may have been at greater risk of the trauma of hospitalization, and we may have underestimated its prevalence. Nevertheless, our findings are consistent with existing literature in this area and our study population was diverse. Nearly 30% of participants identified as non-white, reflecting the mul- tiethnic Toronto population, and patients were hospitalized for a wide range of conditions, consistent with the heterogeneity of general internal medicine. 41 Thus, we believe these findings are likely to be generalizable to other hospitals. Second, although we conducted the study in a setting with universal hospital and physician insurance, we believe socioeconomic status and home supports may be potential confounders in our analysis, representing an opportunity for future research. Third, we used a simple 10-question survey to measure the trauma of hospitalization, which included questions adapted from instruments that have not been validated in this population. The strength of our approach is that we drew on existing instruments to generate a pragmatic set of questions that could feasibly be administered to medical inpatients and we used prespecified cutoffs to dichotomize responses according to clinical judgment. Further research is required to validate the cutoffs we used to identify disturbances and to replicate our findings using these questions. Fourth, our measurement of baseline disturbances in the trauma domains was based on participant recall, which could have been biased by their present health status. If this were the case, we would expect more self-reported baseline disturbance among participants with high trauma, and this would bias our findings toward the null. Rates of baseline disturbance were high in our study, and tracing the trajectory of these disturbances before, during, and after hospitalization is an opportunity for future research. Fifth, because of sample size limitations, we were unable to adjust for all potential covariates simultaneously. However, our results were consistent across multiple sensitivity analyses and after propensity score matching, strengthening our confidence in the findings. Finally, we did not capture readmissions and ED visits to other hospitals. In the region around Toronto, Canada, where this study was conducted, 18% of readmissions occur in a hospital different from the site of the index admission. 42 As a result, we have likely slightly underestimated the readmission rate. Choosing ED visit or readmission to the index hospital as the primary outcome allowed for high rates of follow-up (>95%) and was unlikely to bias the observed differences between those with and those without high trauma exposure.
Conclusions
These findings suggest that multiple physiologic and emotional domains are disrupted in hospital, raising the question of whether a multimodal intervention could be effective in reducing the trauma of hospitalization, which should be an important goal in promoting person-centered care. Furthermore, these findings suggest that such efforts may decrease readmissions. Multidimensional models of care, such as Enhanced Recovery After Surgery programs 43 and Acute Care of the Elderly units, 44 may offer lessons for improving care for all medical inpatients; however, neither of these models focus comprehensively on patient experience in hospital. Our study highlights an opportunity to develop and evaluate a multimodal intervention to reduce the trauma of hospitalization by improving sleep, mobility, and nutrition as well as minimizing stress from disruptions and surprises. The trauma of hospitalization, characterized by disturbances in sleep, mobility, nutrition, and mood, was common among medical inpatients and appeared to be associated with a markedly greater risk of 30-day readmission or ED visit. Further study is required to validate these results and to develop and evaluate interventions aimed at reducing the trauma of hospitalization. These findings suggest that aspects of hospital care may hinder rather than help patients recover from illness. Just before this hospitalization…  I was not anxious or depressed  I was slightly anxious or depressed  I was moderately anxious or depressed  I was severely anxious or depressed  I was extremely anxious or depressed.
Considered disturbance if moderately to extremely anxious or depressed. eTable 1 Legend. *These pre-specified cut-offs for 'disturbance' were selected on the basis of clinical judgment, with the exception of the Canadian Nutrition Screening Tool, which has been validated in the hospital setting. eTable 5 Legend. To explore the effects of selection bias arising from enrollment in our study, we compared the study population to all general internal medicine admissions at the participating hospitals. 1. Data for all general internal medicine admissions were collected in a previous study. 2 Here we report the characteristics for all patients discharged from general internal medicine at the 2 hospitals participating in the present study over a 1-year period, between April 1, 2014 and March 31, 2015. GIM: General internal medicine.
